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SIMULTANEOUS  CONTINUOUS  WAVE  SIGNALS 

STATEMENT  OF  GOVERNMENT  INTEREST 
[0001]  The  invention  described  herein  may  be  manufactured  and 

used  by  or  for  the  Government  of  the  United  States  of  America 

for  Governmental  purposes  without  the  payment  of  any  royalties 

thereon  or  therefore. 

CROSS  REFERENCE  TO  OTHER  PATENT  APPLICATIONS 
[0002]  None . 

BACKGROUND  OF  INVENTION 

1)  Field  of  the  Invention 

[0003]  The  present  invention  is  directed  to  improving  Doppler 
shift  and  range  resolution  of  a  target  through  simultaneous 
transmission  of  narrowband  and  broadband  signals. 

2)  Description  of  Prior  Art 

[0004]  Accurate  measurements  of  the  range  and  Doppler  shift 
of  a  target  are  used  to  identify  the  position  and  speed  of  that 
target  relative  to  a  source.  A  number  of  waveform  signals  can 
be  used  to  ascertain  the  range  and  Doppler  shift  of  the  target. 
In  operation,  these  waveform  signals  are  transmitted  from  a 
source  and  incident  signals  are  received  at  a  receiver  for 
processing.  The  processed  signals  provide  range  and  Doppler 
shift  information. 
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[0005]  The  selection  of  a  given  waveform  is  determined  by  the 
effectiveness  in  producing  a  desired  measurement.  Previous 
approaches  for  determining  the  range  and  Doppler  shift  of  a 
target  include  the  use  of  a  narrowband  signal  (e.g.,  a 
continuous  wave  (CW)  waveform  signal),  a  broadband  signal  (e.g., 
a  frequency  modulated  (FM)  waveform  signal) ,  or  a  hybrid  of 
these  signals  -  for  example,  a  frequency-hopped  (FH)  waveform 
signal . 

[0006]  A  CW  waveform  is  a  narrowband  wave  that  performs  well 
in  resolving  Doppler  shifts,  but  has  poor  performance  in 
resolving  ranges.  FM  waveform  signals  exhibit  good  performance 
in  resolving  target  ranges  but  due  to  their  larger  bandwidth 
exhibit  poor  performance  in  resolving  Doppler  shifts. 

[0007]  The  FH  waveform  signal  contains  numerous  short  signal 
pulses  having  varying  frequencies.  As  a  hybrid  of  CW  and  FM 
waveform  signals;  the  FH  waveform  signal  comprises  numerous 
short  signals  that  have  varying  frequencies  within  the  overall 
bandwidth;  yet,  each  short  signal  is  narrowband  in  nature.  The 
use  of  FH  waveform  signals  maintains  the  FM-type  range 
resolution,  while  improving  the  Doppler  resolution  resulting 
from  the  CW-type  Doppler  shift.  However,  the  improvement  in 
Doppler  shift  resolution  is  less  than  what  is  achieved  with  a  CW 
signal  alone. 
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[0008]  It  is  therefore  necessary  to  address  the  limitations 
of  existing  measurement  methods  in  order  to  achieve  more 
accurate  determinations  of  range  and  Doppler  shift  of  a  target 
ob j ect . 


SUMMARY  OF  THE  INVENTION 

[0009]  Exemplary  embodiments  of  systems  and  methods  in 
accordance  with  the  present  invention  are  directed  to  varying 
methods  of  emitting  narrowband  signals  in  order  to  improve 
Doppler  shift  and  range  resolution  of  a  given  target. 

[0010]  Specifically,  the  present  invention  transmits 
narrowband  signals  simultaneously  (i.e.,  in  parallel)  with 
broadband  and  other  signals  (even  with  other  narrowband 
signals) .  Transmitting  a  narrowband  signal  with  a  broadband 
signal  leads  to  a  comparatively-small  penalty  in  decreased 
bandwidth,  and  at  the  same  time  leads  to  a  substantive 
improvement  in  Doppler  resolution.  This  is  because  the 
narrowband  signal  can  be  filtered  from  the  other  signals  and 
processed  as  if  it  was  sent  alone. 

[0011]  In  one  embodiment,  a  method  to  improve  Doppler  shift 
resolution  includes  simultaneously  transmitting  at  least  two 
narrowband  signals  at  different  frequencies.  The  narrowband 
signals  can  take  the  form  of  electromagnetic  waves  or  sonar 
(acoustic)  signals.  Furthermore,  the  narrowband  signals  can 
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include  simultaneously  transmitted  continuous  wave  signals  at 
different  frequencies. 

[0012]  In  another  embodiment,  a  method  to  improve  Doppler 
shift  resolution  includes  simultaneously  transmitting  at  least 
one  broadband  signal  with  at  least  one  narrowband  signal  from  a 
source.  Each  narrowband  signal  and  broadband  signal  comprises 
electromagnetic  waves,  sonar  (i.e.,  acoustic  waves),  or 
combinations  thereof.  Furthermore,  the  narrowband  signal  can 
include  one  or  more  continuous  wave  signals  and  the  broadband 
signal  can  include  one  or  more  frequency  modulated  signals. 
[0013]  The  emitted  signals  are  reflected  off  an  object  and 
are  received  as  incident  signals  at  a  receiver.  The  incident 
signals  are  filtered  to  separate  narrowband  and  broadband 
incident  signals  before  processing  each  signal  type.  The 
incident  signals  may  then  be  used  to  determine  and  improve  the 
Doppler  shift  resolution  of  an  object. 

[0014]  Methods  for  processing  one  or  more  incident  signals 
vary  and  depend  on  the  desired  measurement.  One  method  to 
improve  the  estimate  of  the  Doppler  shift  of  an  object  includes 
simultaneously  receiving  at  least  two  narrowband  incident 
signals  at  a  receiver.  This  is  followed  by  filtering  the 
narrowband  incident  signals  (to  isolate  each  narrowband  signal 
from  the  others  so  that  they  can  be  processed  separately)  and 
concluded  by  processing  the  incident  signals  to  obtain  an 
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estimate  of  the  Doppler  shift.  Using  a  plurality  of  narrowband 
signals  improves  the  resolution  of  the  Doppler  shift 
measurements  associated  with  an  object. 

[0015]  In  yet  another  embodiment,  improved  simultaneous 
estimates  of  the  range  and  the  Doppler  shift  of  an  object 
comprises  simultaneously  receiving  at  least  one  broadband  and  at 
least  one  narrowband  incident  signal  at  a  receiver.  The  action 
is  followed  by  filtering  the  narrowband  incident  signals  from 
the  broadband  signals  so  that  they  can  be  processed  separately, 
and  concluded  by  processing  the  narrowband  signals  to  obtain  an 
improved  estimate  of  the  Doppler  shift  and  processing  the 
broadband  signals  to  obtain  an  improved  estimate  of  the  range. 


BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
[0016]  It  will  be  understood  that  many  additional  changes  in 
details,  materials,  steps,  and  arrangements  of  parts  which  have 
been  described  herein  and  illustrated  in  order  to  explain  the 
nature  of  the  invention,  may  be  made  by  those  skilled  in  the  art 
within  the  principle  and  scope  of  the  invention  as  expressed  in 
the  appended  claims. 

[0017]  FIG.  1  is  a  schematic  of  an  embodiment  of  system  for 
use  in  measuring  relative  motion  and  distance  in  accordance  with 
the  present  invention; 
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[0018]  FIG.  2  is  a  time-frequency  graph  of  a  CW  signal 
transmitted  simultaneously  with  a  FM  waveform;  and 
[0019]  FIG.  3  is  a  time-frequency  graph  of  simultaneously 
transmitted  CW  waveforms  between  50  Hz  and  1000  Hz. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
[0020]  In  the  description  which  follows,  any  reference  to 
either  direction  or  orientation  is  intended  primarily  and  solely 
for  purposes  of  illustration  and  is  not  intended  in  any  way  as  a 
limitation  on  the  scope  of  the  present  invention.  Also  the 
particular  embodiments  described  herein,  although  being 
preferred,  are  not  to  be  considered  as  limiting  of  the  present 
invention . 

[0021]  In  the  context  of  this  invention,  parameters  can  be 
placed  on  narrowband  and  broadband  signals  in  which  a  narrowband 
signal  must  have  a  sufficiently  narrow  bandwidth  to  be  useful 
for  making  Doppler  estimates.  The  Doppler  shift  of  an  active 
signal  is  approximatelyA /  =  f0u/c ,  where  f0  is  the  center  frequency 
of  the  transmitted  signal,  it  is  the  speed  of  the  target 
perpendicular  to  the  receiver,  and  c  is  the  speed  of  sound  in 
water  (for  an  example  involving  underwater  sound) .  The 
bandwidth  of  the  transmitted  signal  fBW  should  be  small  compared 
to  A/to  ensure  that  an  accurate  measurement  can  be  made. 
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[0022]  A  broadband  signal  must  have  a  sufficiently  broad 
bandwidth  to  be  useful  for  making  range  estimates.  Such 
estimates  are  typically  done  with  a  matched  filter,  which  a 
signal  processing  approach  that  is  well  known  in  the  prior  art. 
The  accuracy  of  the  range  estimate  is  A r~c/fBW.  In  this  case, 
the  bandwidth  of  the  transmitted  signal  fBW  should  be  large 
enough  to  ensure  that  an  accurate  range  measurement  can  be  made. 
[0023]  Referring  to  FIG.  1,  an  exemplary  embodiment  of  a 
system  100  is  illustrated  for  use  in  measuring  both  relative 
motion  between  a  source  and  target  object  and  distance  between 
the  source  and  target  object.  The  system  100  includes  a  source 
102.  The  source  102  can  be  fixed  or  mobile  such  as  a  ship  or  an 
airplane.  The  source  102  includes  one  or  more  transmitters  104 
configured  to  transmit  one  or  more  signals  200  with  a  given 
waveform  through  one  or  more  antennas  106.  Suitable  signals 
include  radar  signals,  electromagnetic  signals  and  sonar 
signals.  Suitable  waveforms  include;  but  are  not  limited,  to 
continuous  wave  (CW)  waveforms  and  frequency  modulated  (FM) 
waveforms . 

[0024]  The  source  102  also  includes  receivers  or  detectors 
108  to  detect  signals  300  that  reflect  off  a  target  object  400 
by  using  one  or  more  receiving  antennas  110.  Preferably,  the 
target  400  is  mobile  such  as  a  motorized  vehicle,  ship  or 
airplane  because  Doppler  shifts  only  occur  when  there  is  a 
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relative  motion  between  the  target  and  the  source/receiver.  In 
this  case,  only  the  motion  relative  to  the  motion  of  the 
source/receiver  relative  to  that  target  would  be  measured. 
However,  it  might  not  be  known  prior  to  measurement  whether  the 
target  is  mobile  or  stationary. 

[0025]  Suitable  transmitters  and  receivers  are  known  and 
available  in  the  art.  Although  illustrated  as  being  disposed 
within  the  source  102;  the  receiver  108  can  also  be  independent 
of  and  separate  from  the  source.  The  source  102  and  the 
receiver  108  can  include  one  or  more  logic  processors  112  and 
one  or  more  databases  114  to  store  and  execute  computer 
applications  for  generating,  configuring  and  processing  the 
transmitted  signals  200  and  the  received  signals  300. 

[0026]  The  source  102  and  the  receiver  108  can  be  configured 
to  filter  the  received  reflected  signal  data  to  remove  one  or 
more  portions  of  the  signal  data  for  separate  processing.  These 
separate  portions  are  filtered  based  upon  frequency.  As  known 
to  those  skilled  in  the  art;  the  logic  processors  112  process 
the  reflected  received  signals,  and  if  applicable;  filter  the 
received  signals  to  determine  a  distance  "L"  between  the  source 
102  and  the  target  400  (from  the  broadband  signal  component)  as 
well  as  a  current  magnitude  of  the  relative  motion  between  the 
source  and  the  target  (from  the  narrowband  signal  component) . 
This  relative  motion  can  be  determined  using  the  Doppler  shift 
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comparing  corresponding  portions  of  the  transmitted  and 
reflected  signals. 

[0027]  Exemplary  embodiments  in  accordance  with  the  present 
invention  are  also  directed  to  methods  for  measuring  relative 
motion  and  distance  between  a  source  102  and  a  target  400.  In 
one  embodiment,  the  method  includes  simultaneously  emitting  at 
least  two  signals  including  a  narrowband  signal  of  a  given 
waveform  from  the  source  102  toward  the  target  400.  Suitable 
waveforms  include,  but  are  not  limited  to,  CW  and  FM  waveforms. 
Using  narrowband  signals  reduces  uncertainty  in  resolving  the 
Doppler  shift  of  an  object.  The  alternative  of  only  using 
broadband  signals  results  in  greater  uncertainty  in  the  Doppler 
shift  estimates  because  the  Doppler  shifts  are  typically  small 
compared  to  the  bandwidth  of  a  broadband  waveform. 

[0028]  In  one  embodiment,  a  first  signal  having  a  narrow 
bandwidth  is  transmitted  from  the  source  102  to  the  target  400, 
and  a  second  signal  having  a  second  broader  bandwidth  is 
simultaneously  transmitted  from  the  source  to  the  target. 
Suitable  signals  for  the  first  signal  and  second  signal  include 
but  are  not  limited  to,  an  electromagnetic  signal,  a  sonar 
(i.e.,  acoustic)  signal,  and  combinations  thereof.  A  frequency 
time  plot  of  the  simultaneously  transmitted  signals  is  shown  in 
FIG.  2. 
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[0029]  In  an  example  of  use,  the  CW  signal  has  a  duration  of 
three  seconds.  The  frequency  uncertainty  will  be  the  inverse  of 
the  duration  of  the  CW  signal,  or  approximately  1/3  Hz.  The  CW 
waveform  in  this  embodiment  is  transmitted  at  1000  Hz.  At  the 
same  time,  a  chirp  or  FM  slide  signal  is  transmitted  at  1010  Hz 
to  1500  Hz. 

[0030]  Since  the  CW  signal  will  require  less  than  10  Hz  of 
bandwidth,  the  FM  signal  will  go  from  1010  Hz  to  1500  Hz, 
instead  of  1000  Hz  to  1500  Hz.  Thus,  the  penalty  in  terms  of 
reduced  bandwidth  is  very  small:  reducing  the  FM  bandwidth  from 
500  Hz  to  490  Hz  reduces  the  spatial  resolution  by  approximately 
two  percent. 

[0031]  The  signals  sent  from  the  source  102  are  incident  upon 
the  target  400  and  are  reflected  back  toward  the  source  from  the 
target.  The  reflected  signal  from  the  target  400  is  received  at 
the  receiver  108.  This  reflected  signal  includes  a  reflected 
first  signal  and  a  reflected  second  signal. 

[0032]  The  reflected  narrowband  signal  is  filtered  from  the 
overall  reflected  signal  (i.e.,  from  the  reflected  broadband 
signal) .  The  reflected  narrowed  signal  is  then  processed 
separately  from  the  reflected  signal.  Processing  the  reflected 
narrowed  signal  separately  from  the  reflected  signal  includes 
processing  the  reflected  narrowband  signal  to  determine  a 
Doppler  shift  indicative  of  a  relative  motion  between  the  source 
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102  and  the  target  400.  In  addition,  processing  the  reflected 
signal  includes  processing  only  the  reflected  broadband  signal 
to  determine  an  estimate  of  the  distance  between  the  source  102 
and  the  target  400. 

[0033]  In  addition  to  transmitting  a  broadband  first  signal; 
a  plurality  of  separate  narrowband  signals  can  be  simultaneously 
transmitted  where  each  first  signal  has  a  bandwidth  of  less  than 
10  Hz.  Each  one  of  a  plurality  of  reflected  narrowband  signals 
is  filtered  from  the  reflected  signal. 

[0034]  In  an  alternative  embodiment,  narrowband  signals  are 
transmitted  simultaneously  from  the  source  102  to  the  target 
400.  Each  narrowband  signal  constitutes  a  bandwidth  of  less 
than  10  Hz.  In  another  embodiment,  at  least  three  separate 
narrowband  signals  are  transmitted.  In  a  further  embodiment, 
fifty  narrowband  signals  are  transmitted.  Each  of  the  fifty 
narrowband  signals  occupies  a  separate  10  Hz  range  in  the 
frequency  band  of  approximately  1000  Hz  to  approximately  1500 
Hz  . 

[0035]  Again,  a  reflected  signal  from  the  target  400  at  the 
receiver  108  includes  the  reflected  narrowband  signals.  Each 
reflected  narrowband  signal  is  processed  separately  to  determine 
a  Doppler  shift  indicative  of  relative  motion  between  the  source 
102  and  the  target  400.  A  Fourier  transform  is  run  on  the 
reflected  narrowband  signals. 
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[0036]  Alternatively,  each  one  of  the  reflected  narrowband 
signals  is  filtered  from  the  reflected  signal  and  each  reflected 
narrowband  signal  is  processed  separately  after  filtering.  In 
still  another  embodiment,  a  broadband  signal  is  also  transmitted 
from  the  source  102  to  the  target  400.  This  broadband  signal  is 
transmitted  simultaneously  with  the  narrowband  signals.  The 
reflected  broadband  signal  is  processed  separately  from  the 
filtered  reflected  narrowband  signals  to  determine  a  distance 
between  the  source  102  and  the  target  400. 

[0037]  The  narrowband  signal,  such  as  a  CW  waveform  signal, 
is  transmitted  simultaneously  with  at  least  one  additional 
broadband  signal  -  such  as  a  FM  waveform  signal.  Exemplary 
embodiments  in  accordance  with  the  present  invention  result  in 
minimally  decreasing  bandwidth  while  providing  an  improved 
Doppler  shift  resolution. 

[0038]  The  minimally  decreased  bandwidth  occurs  because  some 
of  the  bandwidth  is  used  for  the  narrowband  signal  transmitted 
simultaneously  with  the  broadband  signal.  By  definition,  the 
narrowband  signal  should  require  a  very  small  bandwidth  to 
ensure  that  it  will  lead  to  accurate  Doppler  measurements.  So  a 
broadband  signal  is  transmitted  that  has  only  a  slightly  reduced 
bandwidth  (relative  to  a  signal  transmitted  without  a 
simultaneous  narrowband  signal) .  This  will  lead  to  a  range 
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estimate  having  a  slightly  reduced  accuracy.  This  is  the  only 
performance  penalty. 

[0039]  As  the  CW  waveform  signal  is  transmitted 
simultaneously  with  the  FM  waveform  signal;  the  incident  CW 
waveform  signal  is  filtered  from  the  signal  types.  This 
filtering  improves  measurements  of  Doppler  shift,  since  the 
incident  narrowband  signals  are  not  affected  by  the  broadband 
signals  because  the  incident  narrowband  signals  are  in  a 
different  frequency  band. 

[0040]  The  CW  waveform  signal  is  processed  to  provide  the 
Doppler  resolution  and  the  FM  waveform  signal  is  processed  to 
provide  the  range  resolution.  This  processing  yields  improved 
performance  over  other  waveforms  (including  FH  waveforms)  that 
attempt  to  optimize  range  and  Doppler  resolution  using  a  single 
waveform.  Using  a  single  waveform  results  in  a  compromise 
between  CW  and  FM  measurement  performance.  Systems  and  methods 
in  accordance  with  the  present  invention  use  two  separate 
waveforms  transmitted  simultaneously  and  processed 
independently . 

[0041]  While  the  range  resolution  decreases  slightly 
(approximately  2%)  due  to  the  decreased  bandwidth  of  the 
broadband  or  second  signal;  the  Doppler  resolution  is  comparable 
to  that  measured  by  a  CW  signal  alone.  Therefore,  the  overall 
performance  is  improved  over  the  use  of  single  waveform  signals. 
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such  as  the  FH  signal,  which  attempt  to  simultaneously  optimize 
range  and  Doppler  resolution. 

[0042]  In  an  example,  the  target  400  is  located  5000  meters 
away  from  the  source  102.  The  underwater  two-way  transit  time 
of  the  transmitted  acoustic  signal  is  approximately  six  seconds. 
The  CW  and  FM  waveform  signals  are  transmitted  simultaneously 
from  the  source  102.  Although  both  signals  are  transmitted 
together,  each  signal  type  retains  its  characteristics.  The  CW 
waveform  signal  experiences  a  Doppler  shift  as  if  the  CW 
waveform  signal  was  transmitted  independently.  The  FM  waveform 
signal  reflects  off  the  target  400  to  yield  the  range  after 
matched  filtering  and  yields  the  same  accuracy  as  if  the  CW 
signal  had  not  been  transmitted. 

[0043]  When  received  at  the  receiver  108;  the  reflected  CW 
waveform  signal  is  filtered  and  processed  independently  to 
estimate  the  Doppler  shifts,  and  the  reflected  FM  waveform 
signal  is  processed  separately  to  estimate  the  range.  In  the 
embodiment  having  the  waveform  shown  in  FIG.  2,  the  FM  waveform 
has  an  approximately  490  Hz  bandwidth  instead  of  a  500  Hz 
bandwidth . 

[0044]  Variations  of  the  transmitted  signals  can  be  used. 

For  example,  either  one  or  more  CW  waveform  signals  are 
transmitted  simultaneously  with  the  FM  waveform  signal.  The 
variation  of  transmitting  CW  waveform  signals  with  the  FM 


14  of  22 


Attorney  Docket  No.  102079 


waveform  signal  yields  a  more  accurate  measurement  of  Doppler 
shift  due  to  averaging  of  the  two  Doppler  shift  data  points. 
[0045]  In  another  example,  the  500-Hz  band  is  populated  with 
CW  waveform  signals  as  shown  in  FIG.  3.  Each  CW  waveform  signal 
utilizes  approximately  10  Hz  of  bandwidth  in  order  to  provide 
sufficient  frequency  separation  and  to  account  for  digital 
filtering.  Up  to  50  simultaneous  CW  pulses  can  be  transmitted. 
[0046]  The  received  reflected  signals  can  be  separated  by 
filtering  and  processed  independently.  A  Fourier  transform  can 
be  simultaneously  applied  on  the  50  CW  waveform  signals  without 
the  use  of  filtering.  The  Fourier  transform  of  the  composite 
waveform  super-positions  the  50  individual  Fourier  transforms 
from  each  CW  waveform  signal  at  a  different  frequency.  The  50 
waveforms  are  separated  in  the  frequency  domain.  This 
separation  yields  a  gain  in  low-signal-to-noise  ratio 
environments  since  the  Doppler  shift  for  all  of  the  CW  waveform 
signals  are  averaged;  thereby,  reducing  noise. 

[0047]  The  Doppler  shift  from  each  signal  is  plotted  against 
the  transmitted  CW  frequency,  and  a  regression  or  best  fit  line 
is  applied  to  the  data  points.  While  the  uncertainty  in  each 
measurement  will  be  approximately  1/3  Hz  for  a  signal  duration 
of  three  seconds,  the  overall  uncertainty  is  reduced  upon 
fitting  a  line  to  the  data  points.  In  this  example,  frequency 

uncertainty  is  reduced  by  a  factor  of  V50. 
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[0048]  Therefore  the  advantages  and  features  of  this  method 
provide  for  an  improved  ability  to  simultaneously  resolve  range 
and  Doppler  shift  of  a  target.  In  addition,  if  only  an  accurate 
Doppler  shift  measurement  is  needed,  the  method  provides  an 
improved  ability  to  reduce  uncertainty  by  simultaneously  sending 
a  plurality  of  CW  signals. 

[0049]  While  it  is  apparent  that  the  illustrative  embodiments 
of  the  invention  disclosed  herein  fulfill  the  objectives  of  the 
present  invention,  it  is  appreciated  that  numerous  modifications 
and  other  embodiments  may  be  devised  by  those  skilled  in  the 
art.  Additionally,  feature  (s)  and/or  element (s)  from  any 
embodiment  may  be  used  singly  or  in  combination  with  other 
embodiment ( s ) .  Therefore,  it  will  be  understood  that  the 
appended  claims  are  intended  to  cover  all  such  modifications  and 
embodiments,  which  would  come  within  the  spirit  and  scope  of  the 
present  invention. 
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What  is  claimed  is: 

1.  A  method  to  measure  relative  motion  and  distance  for  a 
target,  said  method  comprising  the  steps  of: 

transmitting  a  first  signal  with  a  narrow  bandwidth  from  a 
source  to  the  target; 

transmitting  a  second  signal  with  a  broader  bandwidth  from 
the  source  to  the  target,  the  second  signal 
transmitted  simultaneously  with  said  transmitting  step 
of  the  first  signal; 

receiving  a  reflected  signal  from  the  target  at  a  detector, 
the  reflected  signal  including  a  reflected  first 
signal  and  a  reflected  second  signal; 

filtering  the  reflected  first  signal  from  the  reflected 
signal ; 

processing  the  reflected  first  signal  separately  from  the 
reflected  second  signal; 


17  of  22 


Attorney  Docket  No.  102079 


filtering  the  reflected  second  signal  from  the  reflected 
signal;  and 

processing  the  reflected  second  signal. 

2 .  The  method  of  claim  1  wherein  said  step  of  transmitting  the 
first  signal  comprises  transmitting  a  first  continuous  wave 
waveform  signal. 

3.  The  method  of  claim  2  wherein  said  step  of  transmitting  the 
second  signal  comprises  transmitting  a  second  frequency 
modulated  waveform  signal. 

4.  The  method  of  claim  3  wherein  said  step  of  processing  the 
reflected  first  signal  separately  from  the  reflected  signal 
further  comprises  the  step  of  processing  the  reflected  first 
signal  to  determine  a  Doppler  shift  indicative  of  a  relative 
motion  between  the  source  and  the  target. 

5.  The  method  of  claim  4  wherein  processing  the  reflected 
first  signal  separately  from  the  reflected  signal  further 
comprises  processing  the  reflected  signal  for  the  reflected 
second  signal  to  determine  a  distance  between  the  source  and  the 
target . 
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6.  The  method  of  claim  1  wherein  said  step  of  transmitting  the 
first  signal  further  comprises  transmitting  a  plurality  of 
separate  narrowband  signals  at  varying  frequencies; 

said  step  of  filtering  the  reflected  first  signal  further 

comprises  filtering  each  of  the  plurality  of  reflected 
first  narrowband  signals  from  the  reflected  signal; 
and 

said  step  of  processing  the  reflected  first  signal  further 
comprises  processing  each  of  the  plurality  of 
reflected  first  narrowband  signal  separately  from  the 
reflected  signal. 

7.  A  method  to  measure  relative  motion  and  distance  for  a 
target,  said  method  comprising  the  steps  of: 

transmitting  a  plurality  of  narrowband  signals 

simultaneously  from  a  source  to  the  target; 

receiving  a  reflected  signal  from  the  target  at  a  detector, 
the  reflected  signal  comprising  a  plurality  of 
reflected  narrowband  signals;  and 
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processing  each  reflected  narrowband  signal  separately  to 
determine  a  Doppler  shift  which  reflects  an  estimate 
of  a  relative  motion  between  the  source  and  the 
target . 

8 .  The  method  in  claim  7  wherein  the  estimates  of  the  relative 
motion  are  averaged  to  an  overall  estimate  of  the  relative 
motion . 

9.  The  method  of  claim  8  wherein  said  method  further  comprises 
filtering  each  one  of  the  reflected  first  narrowband  signals 
from  the  reflected  signal;  and 

said  processing  step  further  comprises  processing  each 
reflected  first  narrowband  signal  separately 
subsequent  to  said  filtering  step. 

10.  The  method  of  claim  9  wherein  processing  step  further 
comprises  simultaneously  running  a  Fourier  transform  on  the 
plurality  of  reflected  first  narrowband  signals. 

11.  The  method  of  claim  10  wherein  said  method  further 
comprises  transmitting  a  broadband  signal  from  the  source  to  the 
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target,  the  broadband  signal  transmitted  simultaneously  with  the 
plurality  of  narrowband  signals. 

12.  The  method  of  claim  11  wherein  said  method  further 
comprises  processing  the  reflected  signal  comprising  only  the 
reflected  broadband  signal  separately  from  the  plurality  of 
filtered  reflected  narrowband  signals  to  determine  a  distance 
between  the  source  and  the  target. 
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SIMULTANEOUS  CONTINUOUS  WAVE  SIGNALS 

ABSTRACT  OF  THE  DISCLOSURE 

A  method  is  provided  for  transmitting  a  plurality  of 
narrowband  signals  in  estimating  a  Doppler  shift  of  a  target 
object.  The  method  includes  simultaneously  transmitting  at 
least  two  narrowband  signals  from  a  source  and  receiving 
incident  signals  at  a  receiver.  Multiple  narrowband  signals  can 
be  sent  simultaneously  and  in  combination  with  broadband  signals 
from  a  source.  The  incident  signals  are  filtered  and  processed 
to  determine  range  and  Doppler  shift  of  the  target. 
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